EL8397259974US 

SUN-P5775 



105 



MOF Model 



115 





100 




Metamodels 



UML 
Metamodel 



Relational 
Metamodel 



110 




120 





Models 




Finance 
Application 




Finance 
Database Schema 












125 



135 



140 145 







130 



Level 


Description 


Example 


M3 

meta -metamodel 


Defines language for specifications 
of metamodels 


MetaClass, MetaAttribute, 
MetaOperation 


M2 
metamodel 


Instance of meta-metamodel 
Defines language for describing 
soecifications of models 


Class, Attribute, Operation, 
Component 


M1 
model 


Instance of meta-metamodel 
Defines language for describing 
information domains 


Point, xCoordinate, yCoordinate, 
move (int dx, int dy) 


MO 

user objects 


Instance of model 


Point [x=1 00; y=20] 



FIG. 1p- Prior Art 



EL8397259974US 




Repository Receives Metamodel 



I 





Repository Automatically Generates 
Java™ Metadata Interface (JMl) 
Interfaces For Metamodel 







1 

Repository User Manually Develops 
Software Implementation For Generated 
JMl Interfaces 



I 

Repository User Compiles Coded JMl 
Interface Implementations 



I 

Repository User Uses Compiled JMl 
Interface Implementations To Access 
Metamodel 



I 




FIG. 2 - Prior Art 



EL8397259974US 



SUN-P5775 



/Repository Automatically Generates 
[ Java™ Metadata Interface (JMI) 
V Interfaces For Metamodei 



For Each Object Of 
Type "Package": 



For Each Object Of 
Type "Class": 



Generate A Class Proxy Interface 



Generate An Instance Interface 



End 



305 



300 




320 




340 




interface PackaaeName Packaqe { 
ge tClassName1C lassn:> 
ae tClassNam^2C lassO: 
...} 



325 





330 



335 



interface ClassName Ciass^ 

creat eClassNameO :- 

create ClassName( 

AttrlName Attrl. AttrZName Attr2,...); 
...} 



interface ClassName / 350 

setMnbylel0f--''^^^5g 



oe tAttributel O:- 
se tReferencelO :- 
ae tReferencel fl:- 



operationNamelO: 
operatlonName2n i 
...} 




360 
365 

370 



375 



345 



FIG. 3 - Prior Art 



EL8397259974US 



SUN-P5775 



400 



410 





DISPLAY 
ADAPTER 



DISPLAY SCREEN 




430 



412 




USER POINTING 
DEVICE 



418 




414 



KEYBOARD 



432 



416 




MODEM 



428 



426 




CD-ROM PLAYER 



CENTRAL 
PROCESSOR 




406 



404 




SYSTEM 
MEMORY 



408 




434 




a o □ 1=1 o 



NETWORK INTERFACE 
ADAPTER 

420 





FIXED DISK 



422 




FLOPPY DISK 
UNIT 



424 



REMOVABLE 
STORAGE 



FIG. 4 



EL8397259974US 



SUN-P5775 



505 




520 



Generated 
J Ml Interface 
-.-..Storagfi--^ 




Package 
Proxy 
Implementor 




530 



515 



510 




Requestor 



Class Proxy 
Implementor 



Implementor 



JMI Interface 
Implementation 
Storage 




Metamodel 
Storage^ 




Instance 
Implementor 




540 



Repository 




500 



FIG. 5 



EL8397259974US 



SUN-P5775 



Class: PackageProxyHandler 



Methods: 

handleGetClassProxy 

handleGetAssociationProxy 

handleGetPackageProxy 




600 



Class: ClassProxyHandler 



Methods: 

handleGetAIIObjects 
handleCreate 




605 

Class: InstanceProxyHandler 



Methods: 

handleAttributeGet 
handleAttributeSet 
handleReferenceGet 
handleReferenceSet 




Generate 
Package Proxy 

Interface 
Implementation 



Generate Class 
Proxy Interface 
Implementation 



Generate 
Instance 
Implementation 



Subclass Of 
PackageProxyHandler 



Implements A Particular 
Package Proxy Interface 




615 



Subclass Of ClassProxyHandler 



Implements A Particular Class 
Proxy Interface 




620 

Subclass Of InstanceProxyHandler 



Implements A Particular 
Instance Interface 





610 



625 



FIG. 6 



EL8397259974US 



SUN-P5775 



Begin 



I 



700 



Receive Request 




Yes 




710 




Dynamically Implement JMI 
Interface For Package Proxy 



720 




Dynamically Implement JMI 
Interface For Class Proxy 



730 




Dynamically Implement JMI 
Interface For Class Instance 



735 



FIG. 7 



EL8397259974US 



SUN-P5775 



810 




820 



Yes 



AlreadyX^ No 
Implemented 
? 




Dynamically Implement 
JMI Interface For 
Package Proxy 



825 




Use Stored Implementation 
Of JMI Interface For Package 
Proxy 




830 



840 




Dynamically Implement 
JMI Interface For Class 
Proxy 



835 



Use Stored Implementation 
Of JMI Interface For Class 
Proxy 




850 


860 




Dynamically Implement 
JMI Interface For Class 
Instance 



Use Stored Implementation 
Of JMI Interface For Class 
Instance 



855 



865 



FIG. 8 



EL8397259974US 



Dynamically Implement JMI Interface For 
Package Proxy 



I 

Receive Package Proxy Request (e.g. user calls 
getPackage( "Model name" )) 

1 

Generate Bytecode For A Class That 
Implements The JMI Interface For The 
Requested Package Proxy 

Create A New Instance Of The Class 

1 

Return The Created Instance 



End 



3 



FIG. 9 



EL8397259974US 



SUN-P5775 



(Generate Bytecode For A Class That 
Implements The JMI Interface For The 
Requested Package Proxy 



Receive Element Of Type "package" 
(metaobject Of Generated Package Proxy) 




1000 



1005 



Receive Package Proxy Interface Method 





1015 





1010 



1020 



1030 




Set ClassName T o Method Name With 
"Class" Suffix Removed 



I 



Search Metamodel Package For 
qig^^Ngm^ 



1025 





1040 



No 



Indicate Error 



Produce Implementation Of Method That 
Returns The Proxy For The Found Class 




1035 



Yes X Anotherx^ No 
.Method 



End 



FIG. 10 



EL8397259974US 



Produce Implementation Of Method That 
Returns The Proxy For The Found Class 



Receive Class 




I 



Produce Implementation Of Method That Calls 
"handleGetClassProxy" Method Of Superclass, Passes 
ClassName As An Argument And Returns The Class 

Proxy 




c 



I 



End 



FIG. 11 



EL8397259974US 



Dynamically Implement JMI Interface For 
Class Proxy 



Receive Class Proxy Request (e.g. user calls 
qe tClassName ClassO in a package proxy) 



Generate Bytecode For A Class That 
Implements The JMI Interface Generated For 
The Requested Class Proxy 



I 



Create A New Instance Of The Class 



I 



Return The Created Instance 



c 



End 



3 



FIG. 12 



EL8397259974US 



SUN-P5775 



f Senerate Bytecode For A Class That 
[ Implements The JMI Interface Generated 
V For The Requested Class Proxy 



1300 



Receive Element Of Type "class" 
(metaobject Of Generated Class Proxy) 




3 



1305 



Receive Class Proxy Interface Method 




; z I 




1325 



Produce An Implementation That Creates A New 
Instance Of The Class And Sets The Attributes 
Passed As Arguments Of The Method 



Yes 




End 



J 



1340 



FIG. 13 



EL8397259974US 



/ P 



Produce An Implementation Of Method That 
I Creates A New Instance Of The Class 



I 



Receive Class 



I 



Produce Implementation Of The "create" Method That 
Calls "handleCreate" Method Of Superclass To Create 
A New Instance Of The Class 



I 



End 



FIG. 14 



EL8397259974US 



SUN-P5775 



/Produce An Implementation That Creates A New\ 
[ Instance Of The Class And Sets The Attributes | 
V Passed As Arguments Of The Method J 



1500 




1505 



Produce Implementation Of The "create" Method That Calls 

"handleCreate" Method Of Superclass To Create A New 
Instance Of This Class And That Sets The Attributes Passed 
As Arguments To The "create" Method 




FIG. 15 



EL8397259974US 



Dynamically Implement JMI Interface For 
Class Instance 



Receive Class Instance Request (e.g. user calls 
Creat eClassName( > in a class proxy) 



I 



Generate Bytecode For A Class That 
Implements The JMI Interface For The 
Requested Class Instance 




Create A New Instance Of The Class 



I 



Return The Created Instance 




c 



I 



End 



FIG. 16 



EL8397259974US 



SUN-P5775 



Generate Bytecode For A Class That 
Implements The JMI Interface For The 
Requested Class Instance 



1700 



Receive Element Of Type "Class" 
(metaobject Of Generated Class) 




1740 



Receive Class Instance 
Interface Method 




1705 ^Namex^ 

starts With 
1710 Vset" 



1745 




Set FeatureName To Name 
With "set" Prefix Removed 



I 



1715 



1720 



Search Class For Attribute 
Named FeatureName 




1780 



1730 






Yes 


Set FeatureName To Name 


> ► 

1750 


With "get" Prefix Removed 





Search Class For Attribute 
Named FeatureName 



Search Class For 
Reference Named 
F^atMr^N^m^ 





1755 



1770 



Produce Implementation 
That Gets The Value Of 
The Found Attribute 



Produce Implementation 
That Gets The Value Of 
The Found Reference 



Search Class For 
Reference Named 
FeatureName 



1725 



Produce Implementation 
That Sets The Value Of The 
Found Attribute 



1735 



c 





No 



1795 



1785 



Produce Implementation 
That Sets The Value Of 
The Found Reference 

1790 




] 



No 



1798 



Produce Implementation 
That Executes The 
Operation 



End 



3 



FIG. 17 



EL8397259974US 



Produce Implementation That Sets The Value 
The Found Attribute 

i 

Receive FeatureName And Attribute Value 



I 

Produce Implementation That Calls "handle 
AttributeSet", Passing FeatureName And 
Attribute Value As Arguments 





FIG. 18 



EL8397259974US 



SUN-P5775 



/Produce Implementation That Sets The Value Of\ 
I The Found Reference J 





Receive FeatureName And Reference Value 



Produce Implementation That Calls "handle 
ReferenceSet", Passing FeatureName And 
Reference Value As Arguments 



c 



I 



End 



1900 




1905 




FIG. 19 



EL8397259974US 



f Produce Impiementation That Gets The Value On 
I The Found Attribute j 



Receive FeatureName 



Produce Implementation That Calls "handle 
AttributeGet", Passing FeatureName As An Argument 



Return Attribute Value 



I 



End 



FIG. 20 



EL8397259974US 



Produce Implementation That Gets The Value 
The Found Reference 



I 



Receive FeatureName 







Produce Implementation That Calls "handle 
ReferenceGet", Passing FeatureName As An Argument 



Return Reference Value 




FIG. 21 



EL8397259974US 

SUN-P5775 



(Produce Implementation That Executes The 
Operation 



I 



Receive QperationName And Operation Arguments 



Produce Implementation That Calls "handle 
InvokeOperation", Passing QperationName And 
Operation Arguments As Arguments 



I 



Return Operation R eturn Value 



I 



2200 




2205 




2210 




End 



FIG. 22 



